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COMMUNICATION between cells Is cen- 
tral to a wide variety of complex bio- 
logical processes, such as embryonic 
development and defence against infec- 
tion. One of the primary means by 
which cells communicate is via the 
secretion of polypeptide hormones that 
exert their actions through specific 
receptors expressed on the surface of 
responsive cells. The number of poly- 
peptide hormones that have been bio- 
chemically isolated and/or genetically 
cloned has Increased dramatically over 
the past decade. Rather than exerting a 
single biological effect, many hormones 
are pleiotropic in their action. More- 
over, there is considerableredundancy 
of action between hormones with several 
eliciting apparently identical effects. 
The properties of pleiotropy and redun- 
dancy are extreme in the case of a 
recently described cytokine, leukaemia .. 
; inhibitory factor (UF; Fig.i). UF exerts 
a broad range of effects on many cell 
types, yet all but one of these actions is 
shared with other cytokines. This 
reyiew ibcus.es on the structure of UF, 
its 'biological actions in vitro and in vivo. 
ari^ of the LIF receptor. . 

/:|9;.4Mijtijin; a model of receptor struc- " 
;. : : tu^ a mechanism. for the' ; - 

^ j^^io^pic and redundant nature of 
cytokines is discussed. 



LIF: lots of interesting function: 



feUFgene and protein 
' iHF has been purified and cloned 
vJndependently by a number of groups 
^qn|Qie:basis of its action in many bio 
logical assays, ranging from the induc- 
tion of monocytic differentiation in the 
leukaemic cell line Ml, to the- sup- 
pression of differentiation of totipotent 
embryonal stem (ES) cells. As a conse- 
quence, UF is known by a plethora of 
synonyms (Table I; Ref. 1 and citations 

therein). 

LIF mRNA is transcribed from a. 
jingle copy gene,- composed of three - 
* X S5?» wWch is located on similar 
regions of the mouse and: human 
genome 2 -*. The first exon encodes the 
S'-untransIated region of the message 
and the initial residues of the leader 
sequence. Trie remainder of the leader 
sequence and the first third of the 
mature UF protein are encoded by 
the second exon, while the carboxy- 

*D. J. Hilton is at the Whitehead Institute for 
Biomedical Research, 9 Cambridge Center, 
Cambridge, MA 02142. USA. 
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Leukaemia inhibitory factor (LIF) is one of a growing number of cytokines 
that cannot be readily categorized according to its functions. Rather, these 
pleiotropic hormones have diverse and often overlapping effects on a multi- 
tude of cell types: for example, LIF can inhibit the differentiation of embry- 
onal stem cells on one hand and induce the differentiation of Ml 
leukaemic cells on the other. Recent work has shed light on the physir> 
logical effects of LIF, how these are limited, and the biochemical and bio- 
logical properties of LIF and its receptor. 



t^naI ; two*lnbofUFamlan'.ejrten- Recently oricostatin-M, a cytokine 
sive 3-untranslated region are encoded which, like UF, can induce the mono- 
by exon 3 (Ref 6). cytic differentiation of the leukaemic : 

There are alternative copies of the cell 1in<> Ml, has been shown to share a 
fir ?^^l a n ? ouse ' These are V 30% amino acid sequence similarity^© 
scnbed -from, separate upstream pro- Avith:LIF 10 ;# addition, the position arif 
^oter^gionsVraising the possibility ^Mr^ 

that differential spatial and temporal . .^oncostatiitM ;are sirnil^r to four of the^ 
regulation of the expression of the two si^^reany! ! residues ^ UF. The use &$$L 
forms of . UF may occur. The resultant " a patterri search. algorithm, rather tharf^ 
Rrotem^ differ only in the amino- a MriearMignment 'algorithm,, sugg^t^f ^ 
^r^pprtion of the leader sequence, .th^^fere ^e: primary s#ienc#*l 
f his;^difference has been claimed to ; : and ; ^econdary structural similarities^^ 
specify; the extracellular fate- of the ' betWe^ If, oncostatin-M and ciliary " ^ 

neurotrophic factor ? (CNTF). UF also 
appears related, though to a lesser 
degree to inter) eukin ft'rjLrtf) and granulo- 
cyte coiony-stimulating. factor (G-CSF) 11 . 



mature protein, with one form remain-' 
ing free in solution and the other being 
associated with the extracellular 
matrix 7 . Since the leader sequence of 
both forms is presumably cleaved co- 
translationally, the mechanism by 
■which they direct the fate of otherwise 
identical proteins remains unclear. The 
critical test of the presumptive extra- 
cellular sorting signals will be whether 
they specify the location of heterol- 
ogous proteins, as is the case for nu- 
clear and endoplasmic sorting signals 8 . 

The mature LIF protein is heavily gly- 
cosylated, almost exclusively on asp- 
aragirie residues. ^Differential glycosyl- 
ation accounts for both the variability 
Jn; the relative molecular mass and 
charge of LIF (M T 32 000-67 000 and 
p\ 8.6 to >9.2). Interestingly, the in vitro 
function of LIF does not appear to be 

affected by the extent of glycosylate, 
with non-giycosylated recombinant UF 
produced in E coli (M r , 20 000) and 
hyperglycosylated recombinant UF pro- 
duced in yeast (M r 250 000 to >450 000) 
exhibiting a similar specific activity 9 . 
Whether the glycosylate pattern of 
UF influences its stability or function in 
vivo has yet to be determined. 



Biological variety-is the spice of LIF 

The biological properties of UF have 
been defined in terms of its actions in 
vitro and the pathological effects 
observed upon elevation of its circu- 
lating concentration in mice. 

Technologically, and perhaps bio- 
logically, the most interesting effect of 
LIF is to be found upon early embryonic . 
cells. Mammalian blastocysts are com- 
posed of two distinct cell types - the 
outer trpphectoderm, which contri- 
butes to the formation of the placenta 
and an inner group of cells, known col- 
lectively as the inner cell mass (ICM). 
Cells of the ICM are totipotent, giving 
rise to the extra-embryonic membranes 
as well as to the foetus proper". When 
cultured in vitro, in the absence of an 
exogenous stimulus, these cells lose 
their totipotency and differentiate into 
a wide variety of cell types. If, however, 
cells of the ICM are cultured on appro- 
priate feeder layers 13 , in the medium 
conditioned by such feeders 13 or, as has 
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^ ^ Pleiotropic nature of LIFs biological effects: the actions of LIF in vitro are extremely diverse and range from the induction of monocytic differ- 
entiation to the suppression of ES cell differentiation 1 . The parallel between LIF's actions in vitro and in. vivo and its possible physiological 
|V 'v. ;roles are discussed in the text. " ; 



been shown recently, in the presence of 
puriifie'd LIF 9,15 they retain their pluripo- 
. teritiality indefinitely and are known as 
^emliryonal stem (ES) cells. LIF is able to 

■'" ; ^tompletely replace feeder layers, not 
only in the maintenance of previously 
established ES cell lines, but also in the 
isolation of new karyotypically normal 
cell lines that are capable of contri- 
buting with high efficiency to the for- 

;^^|ti6n of.germ cells in chimeric mice 9,15,16 . 

^|||& ability to maintain indefinitely 

felfie/pluripotentiality of ES cells in vitro 
' allows these cells to be manipulated 
-. .genetically, for example using hom- 
blogous recombination to mutate a 
specific gene. Genetically altered ES 
cells may then be used to generate mice 
that are chimeric both in somatic and 
germ tissue 13 ' 14 . Since such mice will 
have germ cells that carry the mutation 
of interest, they may be mated to yield 
offspring that are heterozygous (or the 
mutation and in turn these can be bred 
to give homozygotes. Using such tech- 
nology the phenotype of null mutations 
of a wide range of genes, including 
those encoding homeobox, cytokine and 



tumour suppressor proteins, have been 
analysed (for example see Ref. 17). 

ES cell culture systems have been 
developed in which, upon the with- 
drawal of LIF,. efficient differentiation 
into haemopoietic tissue occurs in an 
environment similar to the visceral yolk 
sac 18 . Haemopoietic stem cells, present 
within this population, are capable of 
differentiation into mature blood' cells 
of several lineages in vitro and reconsti- 
tuting the haemopoietic system, of 
lethally, irradiated recipients in vivo 
(Ref 18; G. R. Johnson, pers. commun.). 
Clearly, if one produces haemopoietic 
stern cells from ES cells that have been 
genetically manipulated, and uses these 
to rescue lethally irradiated mice 
whose own stem cells have been 

destroyed, the direct effect of the mu- 
tation on haemopoiesis may be studied 
in isolation of any deleterious effects the 
mutation may have during embryonic 
development. 

In contrast to its ability to inhibit the 
differentiation of ES cells, LIF induces 
the monocytic differentiation and sup- 
presses the clonogenicity of the murine 



leukaemic cell line Ml (Ref. /I). In this 
regard it is functionally similar to the 
cytokines IL-6, G-CSF and oncostatin- 
M 18 . These apparently opposite effects of 
UF occur at a similar concentration 919 . 
The contradictory nature of LIFs actions 
is also seen in its stimulation of the 
proliferation of several haemopoietic ceil 
lines; this is in contrast to its suppres- 
sion of Ml cell clonogenicity 1 . In vitro, 
UF also enhances the mitogenic effect 
of interleukin 3 (ILr3) on megakaryocyte 
progenitors* 0 and haemopoietic stem 
cells 21 and, even at low doses, is ob- 
served to increase the number of mega- 
karyocyte progenitors, megakaryocytes ' 
and platelets in vivo, in mice and mon- 
keys (Ref. 22; P, Mayer, pers. commun.). 
The proliferation of a number of other 
cell types including myoblasts is also 
enhanced by LIF 1 . A dramatic effect of 
LIF in vivo is a marked osteoblastosis 
and increase in bone deposition in the 
long bones of mice with elevated circu- 
lating LIF concentrations 22,23 . 

LIF also influences the function of a 
variety of terminally differentiated cell 
types such as neurons, hepatocytes 
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Table I. Defining properties and synonyms of LIF 



Synonym" 


Species 


Defining biological activity 


_ 

M r X 10* J 


Amlno-terminal 


UF 


Murine 


Induction of Mi differentiation 


50-60 . 


PLPITIW. . 


D-fector 


Murine 


Induction of Ml differentiation 


40-67 


SPLPITI'VXA . . 


DIFA&B 


Human 


Induction of Ml differentiation 


51 


PiPITPVXA.. 


D1A 


Rat 


Inhibition of ES cell differentiation 


40-50 




DRF 


Murine 


Inhibition of ES cell differentiation 


40-50 


nd 


HSftl&lll 


Human 


Increased acute phase protein synthesis 


32-39 


nd 


CNDF/CDF 


Rat 


Induction of cholinergic phenotype 


45 


SPLPITl'VXA.. 


MLPU 


Human 


Inhibition of lipoprotein lipase 


50 


SPLPITPWA.. 


HILDA 


Human 


Stimulation of DA : 1A proliferation 


30-50 


SPLPITK/XA . . 



a LIF, leukaemia Inhibitory factor: D-factor, differentiation-Inducing factor; DiF, different inl m mrtudn/. 
factor; DIA, drfferenUatlorvlnhibitory activity; DRF, dlfferendatlornetardlng factor; HSF, lw|wi|ocyi« 
stimulating factor, CNDF/CDF, cholinergic neuronal differentiation factor; MLPU, melanocyte towM, 
lipoprotein lipase inhibitor; HILDA, human Interieukin for DMA myeloid ceils (see Ref. 1 ami uliMons 
therein). 




and adipocytes. For example, in the 
early 1970s neurons from neonatal rat 
dorsal root ganglia were shown to 
' switch from an adrenergic to a cholin- 
'^rgic phenotype when exposed to me- 
\ -diuifi conditioned by heart cells. 
Patterson's group recently isolated the 
1 : : /protein responsible for this effect and 
■][ - showed it to. be the rat homologue of 
■0- " ; UFV UF is also able to promote the 
survival of embryonic neurons that dif- 
\piereritiate from explanted neural crest 
'■A^^r^rciBtme neurons -isolated from 

an evol- 

jpp^xvu^^ uwuaci vcu reaction to- 

■^5f||ftss4-|u&' -as -'tissue damage. It in- 
^^ffl^ftie 'production in the liver of a 
^^^e^(niM::^el-ol proteins, including a r 
;;^^i^psih and fibrinogen. The nature 
■ "-'':jp^ime"-h6rmones responsible for elicit- 
. ^^pngJvan acute phase response has been 
-^rlSltefpeus of . mu'ch research over the 
pasi: 15 years. Interieukin 1 and tumour 
necrosis factor have been shown to 
stimulate the synthesis of a small sub- 
set of hepatic, acute phase proteins 26 . 
Baumann and co-workers have demon- 
strated recently that three other poly- 
peptide hormones, IL-6 (termed by 
: ^hemv HSF4), UF (termed HSF-11 and 
. HSF-HT) and IL11 induce the synthesis of 
a much wider spectrum of acute phase 
. prpteins. The set of proteins stimulated 
by liF, IL-6 and IHl is very similar, 
although in some cases the kinetics of 
stimulation appear to differ 27 * 26 . Interest- 
ingly, in mice that have elevated circu- 
lating levels of LIF, reduced serum 
albumin levels and an increased eryth- 
rocyte sedimentation rate are observed, 
both signs of an ongoing acute phase 
response 23 . ' 

. A role for UF in the regulation of lipid 
metabolism and the pathogenesis 
of . tumour-related wasting disease 
(cachexia) has recently been suggested. 
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SEH is a cell line that was Isolnlwl from 
the melanoma of a patient willi .wvisrc 
cachexia and causes a similar cat'li«c!ic 
disease when transplanted Into nude 
mice, Mori et ai demonstrated *<» Jlt 
SEKI cells secrete a protein (found by 
amino acid analysis to be UP) *t» at 
inhibited the action of lipoprotein 
hpaseiarid thereby reduced the uptake 
of My acids by 3T3-L1 adijwKyles .. 
That LIF was the molecule responsible 
for.the tumour-related cachexin in mice, 
and possibly in the original patient, was 
fiirMier suggested by the drainalic ■«•»>" 
rapid^oss of virtually all subcuinneous 
^••tbdoniihal fat in mice with, cx- 
p<>rirnentally elevated circulating UF 
levels 22 - 23 . 

The meaning of UF - the search for its 
physiological role 

While interesting actions of LIF have 
ybeen :defined in vitro. and = a number of 
these have found pathological corre- 
lates in vivo, the normal in vim* func- 
tion of UF remains uncertain. Clearly, 
one of the major routes by wbrrh an 
understanding of the physiological njJe 
of UF will be made is the analysis of the 
temporal and spatial pattern of ex- 
pression of LIF and its receptor. A 
broad survey of adult mouse tissues by 
northern blot, RNase protection and 
polymerase chain reaction assays .con- 
sistently failed to detect LIF mKNA. n 
addition, UF is not normally detectable 
in the circulation of mice and, when 
injected intravenously, is cleared ex- 
tremely rapidly {t m of 3-5 mln; Kef. 30). 
These observations suggest that UF 
expression is under tight control and 
that it may act primarily in a local en- 
vironment rather than systemlcally. 
One such local site of UF action has 
recently been defined. 

When RNA was analysed from preg- 
nant mice, LIF message was delected in 



t h(! uterus aH^'^r'S*^' 
neither earlkr nor later (C. L ^w«rt> 

Z V c , imriU.).). LIF expression wa.no, 
^ «P«:inc mlWA was J» 

dclectC.1 in the Uterus 4 days after mail « 
females with vasectomlzed male* L |* 

UP mKNA was localized, by »' ■«"< 
hybridization, t« '»« atrial *'•'"'< • » 
structure thai swntffis material ' ! !* 
uterine lumen .-.nd Ihc presence of I >- 
Scaly aclive lil'ln Ihe fluhl w. Hmm 

S iuM«n |jf; is " ,,l,r ; 1 

secreted (C. LSlcwort. pcrs. co.imm.i [■)• 
The situation is complicated ftirthwlj 
the observation lhat the blast o.yst 

talton. also contain U mRNA *J- 
secretc biologically active. UP- m- 
terestii.tfly. during this critical period 
e blastocyst nmves from the .oyidud 
into the uterus, halcl.es from 1 1 k /mm 
p (iucida. Implants in the uU-rh e 
;pithe i li;.rn, J>eKin S t<» increase In »v« rn 

d the primary germ layers, the « n- ■ - 
d e nna 1 . t lt.,ee.u.oclen^ltisc<.ar 

elucidation ol the role of LH' M li b • 
sta.^e .if development requires a «r.al. 

dealer fiirllier work.. 

Jtseeins logical tlvat a .nolecule Mu 
as LIE, which acts «na broad s,hh In., 
ol^andwhiclvisn^ 
enMor extended periods in Iheeinu- 
lation, should exert its' effects in n ; " 
environment rather thjkn sys tenm . My 
The elucidallon of other potential »H«* 
of LIF action will therefore require a 
careful lemporal and spatial analysis . irf 
S palterri of UF and UF receplo 
xpr«slon- In addition, the effec of 
mil mutations of the UF gene ami 
UP r«-e,)tor .jene would complenuM. 
studies on the effoc.s of excess Uh am 
would help to define the physiolo^ .tl 
roles of this cytokine. 

UF free or bound - studies on the UF 
,eC A?hLl>eendescrib«l.LIFi S «m,M.fa 

growing Broup on>oriin»nes ll« j£ 
biologically promiscuous yet unci Ion. 
redundant. The biochemical ba*U »o 
ploiotmpy and redundancy .IIT JWl 
clear, however recent stud.es cuncon Hn, 
the receptors for LIF and other cytokine.*- 
appear to shed light on this problem. 

UF receptors, with similar characl i- 
istics are expressed on all biolog y 
responsive cell types examined. Ih«£ 
receptors are of high affinity (Aj --Jj 
80 P m) and are charactenzed by rapid 
association kinetics and, at <K , wi> 



5 | 0 W dissociation kinetics. LIF receptors 
grossed* b£ responsive cells are also 

» ^pflSfic, since other cytokines, including 
and G-CSF, that arestructurally and 

junctional ly related to LIF, do not com- 
: # pe te for binding (Reis 9, 20, 32; D. J. 

^ ffilto n and N. A. Nicola, unpublished). 

Certain populations of activated macro- 
phages express low affinity UF recep- 
tors as well as high affinity receptors. In 
addition, the preparation of membranes 
from cells, such as ES cells, adipocytes 
and hepatocytes, that express only high 
affinity receptors results in the conver- 
sion of 40-60% of these to low affinity 
receptors. Moreover, upon solubiliz- 
ation of these membranes in detergent, 
receptors. are recovered quantitatively, 
however all of these are of the low af- 
finity type (see Fig. 2). Whether on the 
surface of cells, associated with mem- 
branes or in detergent solution, low 
- affinity receptors differ from high affinity . 

receptors only in the rate at which dis- 
v^oaatipnoflJF occurs (^=03-0.8 min*' 
^^mis^0004-0.0015 min -r ), the associ- 
r^itlqn Crate 'Of LIF with the two receptor 
,:^ypes being indistinguishable (3-9 x 10 fl 

' Recently, the receptors for human : 
arid murine LIF were cioned by ex- 
pression 33 . The properties of the cloned 
preceptor when expressed in COS cells 
^acaJleled^that-of the low affinity UF. 
£0$i$$ipri expressed by activated 
jS^o^ages, and present in detergent/ 
ppluj^ : (kef; 33; D. J. Hilton and N! A.^ 
^icM^Hihpublished). Moreover the LIF 
^;^ceptbr Was. found to be a member of 
^fjve -Hnewly. defined cytokine receptor 
family, which includes the receptors for 
..fro^^ prolactin, interleukins 

;^||fc^nd 7, CNTF, G-CSF, granulo- 
.■c^e-macrbphage colony-stimulating 
factor (GM-CSF) and erythropoietin 34 . 
The features common to this family 
include the presence of one or two 
domains containing conserved cys- 
teinyi residues and a seven-residue 
motif GXWSXWS. . Structurally the 
J^okine receptors are distinct from G 
:pi;6tein-linked receptors and receptors 
With tyrosine kinase activity, and thus 
the . mechanism by which they trans-_ 
diice their signal is not known. 

The structural similarity between the 
receptor for LIF and other members o( 
the cytokine receptor family also 
extends to a functional similarity. Like 
LJF, high and low affinity receptors for 
GM-CSF, IL-3 and DL-5 are normally 
expressed by responsive cells, but the 
expression of the cloned receptors yields 
only low affinity receptors (reviewed in 
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Figure 2 

A model of LIF receptor structure and function: a scenario in which high affinity UF recep- 
tors are generated via interaction of a low-affinity binding subunit with 8 'converter' 
molecule would explain many of the properties of LIF binding to its receptor in different 
environments. The model is discussed in detail in the text. 



vRef. 35). in the case of GM-CSF the 
generation of low affinity receptors, at 
the expense of high affinity receptors, is' 
also observed on preparation and solu- 
bilization of membranes 35 . The rriech- 
anisnrby which high affinity receptors 
for^GM-CSF, IL-3, h>5 and are gener- 
;ateci ;has recently been elucidated. A 
human molecule termed KH97, cloned 
on the basis of its cross-hybridization 
to the murine IL-3 receptor cDNA, failed 
to bind human IL-3 or any other 
cytokine examined, but was found to 
interact with the binding subunit of the 
human GM-CSF receptor to generate a 
complex that bound GM-CSF with a high 
affinity 35 . Subsequently it has been 
found that the same affinity 'converter' 
molecule interacts with the low affinity 
receptors for IL-3 and IL-5, to form a 
complex that binds these cytokines 
with a high affinity 35 . A similar mech- 
■ahism pccurs_wlth the generation of 
high affinity IL-6 receptors through the 
interaction of the binding subunit with 
gpMO 36 ; In the case of 11^6, the gpl30 
molecule is essential for the transduc- 
tion of a biological signal. Interestingly, 
the molecules that convert receptors to 
a high affinity form, are themselves 
members of the same cytokine receptor 
family 35 - 36 . 

A similar model for the UF receptor 
would clearly explain a number of the 
observations described above (Fig. 2). 
For example, variation in the ratio of 



the 'LIF binding subunit to the putative 
converter molecule would explain the 
occurrence of cells expressing only 
high, high and low or only low affinity 
LIF receptors and the ability of the 
cloned receptor, when expressed alone, 
to yield low affinity but not high affinity 
= receptors. In addition, if the interaction 
between the two components is less 
favoured when cell membrane integrity 
is disrupted, one might expect to 
observe a decrease in the ratio'bf high 
to low affinity receptors. 

The structural relatedness of the 
binding suburdts of cytokine receptors 
and the ability of these to interact with 
common affinity 'converter* molecules 
(which also appear to be central to signal 
transduction) may also explain why dis- 
tinct cytokines elicit common actions 
on certain cell types. For example, the 
similar action of LIF, G-CSF and 1L6 on 
Ml cells might be explained if each 
receptor interacts with the gpl30 com- 
ponent of the IL-6 receptor or a struc- 
turally related species to yield a com- 
mon second messenger cascade and, 
ultimately, a common biological out- 
come (Fig. 3). It is possible that a single 
receptor can interact with several 'con- 
verter' molecules to generate different 
second messenger cascades and hence 
biological outcome (Fig. 3). In this way 
the different effects exerted by LIF on 
Ml monocytic leukaemia cells, ES cells 
and megakaryocytes could be ex- 
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( a ) Cytokine redundancy ( b ) Cytokine pleiotropy 
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Figure 3 

A possible structural basis for the pleiotropic and degenerate nature of cytokine action: 
polypeptide hormones, such as UF, exert a broad range of biological effects, many of 
which are shared with other cytokines, The. receptors for many cytokines share common 
structural motifs, and interact with common 'converter' molecules, .that may be responsible 
for .generating high affinity receptor and transducing a biological response 36 * 36 . Clearly, a 
model in which the binding subunlts of the ;UF -11^6. and GM-CSF receptors interacted with 
a common second subunlt would explain the similar ability of these cytokines to induce Ml 
differentiation (a). Moreover, if the receptor for UF could interact with several different sec- 
ond subunits, the pleiotropic nature of its biological effects might be explained (b). 



plained. It should be stressed that this, 
e^]^ the basis of pleiotropic , 

attractive; is purely^ 
speculative and alternatively the diver- 
gence of intracellular signalling path- 
ways leading to different biological 
effects may occur downstream of the 
receptor, in the cytoplasm or nucleus. 

Conclusions and future perspectives 

UF has many interesting, and seem- 
ingly contradictory, functions both in 
vitro and in vivo. From a technological 
viewpoint, LIF has proven useful be- 
cause of its ability to maintain the pluri- 
potentiality of ES cells, and may one 
day prove useful in the clinical setting 
because of its ability to increase the cir- 
culating numbers of platelets. The 
physiological role of UF still, however, " 
remains unclear. Progress towards under- 
standing this role awaits a thorough 
• analysis of the temporal and spatial 
pattern of expression of UF and its 
receptor, as well as an analysis of the 
effect of null mutations of the genes of 
UF and its receptor. 

The cloning of the UF receptor and 
demonstration of its relatedness to 
other cytokine receptors suggests cer- 
tain models of receptor structure that 
are consistent with the equilibrium and 
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-.^netic properties of UF binding to a 
;wide range i of cell types. In addition, it 
v'is^pqssijsiJe that "the shared features df 
various cytokine receptors provide the 
structural basis for the overlapping 
action of many cytokines like UF, IL-6; 
GM-CSF and oncostatin-M. The route by 
which these receptors transduce their 
signal remains unknown, as does the 
point at which signal transduction path- 
ways diverge to yield apparently op- 
posite actions of a single hormone on 
different cell types. The cloning of bind- 
ing subunits and affinity 'converter' 
subunits of several cytokine receptors 
makes the understanding of these prob- 
lems, closer at hand. 
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